Introduction. Physical fatigue is a physiological condition that can be measured by functional Magnetic Resonance Imaging (fMRI). Aim. Therefore, this work aims to present the research results currently reported in the scientific literature between the years 2014 and 2018 in the field of chronic fatigue syndrome using the functional MRI method. Material and methods. Analysis of literature. Results. We reviewed here the differences between temporary and chronic fatigue.
known that levels of blood oxygenation in the brain vary depending on the activity of neurons, and these differences can be used to detect brain activity. This is due to the increased demand for energy and oxygen in the area of increased brain activity. The basis of this imaging is the so-called Blood Oxygenation-Level Dependent (BOLD) contrast that depends on the level of oxygen in the blood. fMRI has many clinical applications and is used to validate neuroimaging, and to search for brain markers in psychiatry, which makes it a technique at the borderline of clinical and experimental-methodological sciences. Blood Oxygenation-Level Dependent contrast is one of the best-known techniques of fMRI that can be used to map blood oxygenation in the brain. The use of this technique allows for identification of brain tumors and patients with epilepsy. This technique demonstrates early promise and can also play a role in providing future diagnostic and prognostic information in patients with neurological and psychiatric diseases and opens up a wide range of possibilities for chronic fatigue syndrome testing. Based on studies available in the literature, it is very likely that fatigue assessment is not possible using MRI based T 1 spin-lattice relaxation and spin-spin relaxation T 2 of water alone. 2 Fatigue, being a physiological reaction with variations in hemoglobin, can be imaged by fMRI. Fatigue is often reported by patients who have had a mild brain injury which affects the ability of people to return to work in a reasonable timeframe. 3 A study by Möller et al. subjected 10 patients with mild cognitive impairment and fatigue (5 women and 5 men) to fMRI after suffering a stroke. 3 The paradigm of the study was based on patients maintaining constant attention to a task being carried out under fMRI monitoring. This task was a response time to a visible stimulus. The research did not show any group differences regarding age, education, body weight or the consumption of caffeine on the day of the study. The authors of this study showed that patients could be identified as suffering from chronic fatigue after mild stroke compared to the control group by fMRI. Measurements of regional cerebral blood flow and quantitative mapping of joints can also provide an objective assessment of fatigue during a continuous vigilance test. As a result, the authors of this study confirmed that the fMRI technique can be used to assess chronic fatigue in patients after mild stroke.
Subjective fatigue is also a typical symptom of diseases such as multiple sclerosis, Parkinson's disease or stroke. Pardini et al. 4 examined 14 patients with multiple sclerosis by fMRI. The task that the patients were asked to do was to touch their other fingers with their thumb. The sequence was attempted at a frequency generated by a 2 Hz metronome. A force measurement was also carried out by application of a special glove adapted for this task. The obtained results showed a strong correlation between the time accuracy of the performed task and the feeling of chronic fatigue. 4 Other authors point to the potential adaptation of the brain to fatigue. Perhaps it is related to a feedback loop effect in which the brain tries to maintain the initial efficiency. 5 In many studies, authors point to activation regions affected by fatigue located in the cerebellum and frontal cortex. 4, 6, 7 Other studies of fatigue in patients with multiple sclerosis checked how quickly task ability was regained after deterioration resulting from the task performed initially. A total of 14 patients were subjected to a deterioration of spatial and temporal accuracy in the first part of the task consisting of a sequence of touching the other fingers with the thumb of the right hand. The second part of the study showed that after a short 5-minute rest, a return of temporal accuracy, but not spatial. After rest, the activity of activated regions obtained values similar to baseline values except in the amygdala by fMRI. This suggests that patients that have been in a state of fatigue from the beginning of the task showed an increased BOLD signal in subcortical structures that are known to be recruited in healthy patients only when dealing with fatigue to improve motor performance. On the basis of research it can be said that rehabilitation treatment brings much better results than pharmacological treatment. 8 Results have been presented that the rehabilitation of people with multiple sclerosis reporting only fatigue symptoms should be the treatment of choice. It should be noted that only a small group of people will feel the benefits of such treatment. The study included a small group of people and the extent of efficacy in other subgroups of multiple sclerosis patients is unknown. It seems that the above observations may be related only to the initial stage of the disease. The next steps should take into account future consequences of the choice or resignation from pharmacological treatment in this regard. Interesting research results were presented in 2015 by Hampson and colleagues. 9 Twenty three patients were examined after recovery from breast cancer. Visible persistent fatigue associated with breast cancer was associated with reduced sleep quality, cognitive impairment, and ultimately depression. These studies from 2015 appear to be one of the first fMRI applications in the analysis of fatigue in patients with breast cancer. As a result of the analysis, an area in the frontal lobe was identified using fMRI analysis techniques which may be a potential region to track fatigue in patients. Higher fatigue is also indicated in the parietal region of cancer patients during fMRI tests. 6 Increased fatigue coexists with worsening physical functioning and cognitive impairment. With such an analysis, the effects of oncological therapy should be taken into account, which in itself has a great impact on the emotional and physical state of the patient where fatigue is just one of many side effects. In recent years, populations have access to mod- BOLD contrast images were acquired using an echo-planar (EPI) technique; images were acquired using a 1.5 T MRI scanner; additionally an MRI compatible finger clip pulse oximeter was used to measure heart rate pre-processing and statistical analyses of the fMRI data were performed using the Statistical Parametric Mapping software (SPM5)
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13 fMRI data were acquired using an echo planar imaging sequence; T1-weighted MPRAGE scan was also collected using a 3.0 T MRI scanner all structural and functional raw data images were converted to NIfTI format using the dcm2nii converter (Rorden & Brett, 2005 15 imaging was performed on a 1.5 T MRI scanner; initial T1-weighted sagittal localizer was acquired to determine the location of the MR images; T1-weighted axial images encompassing the whole brain were acquired the functional neuroimaging data were analyzed using Statistical Parametric Mapping software (SPM99)
fMRI data were obtained using a 1.5 T MRI scanner; Functional T2*-weighted images were acquired in axial orientation using echo-planar imaging (EPI) preprocessing and statistical analyses were carried out using Statistical Parametric Mapping software (SPM2) imaging was performed on a 3.0 T MRI scanner; a gradient echo T2*-weighted sequence was used to obtain BOLD contrast data; high resolution T1-weighted scan was used as an intermediate step for functional overlays prior to transformation into the threedimensional space preprocessing included motion correction, spatial smoothing, linear trend removal and temporal high-pass filtering using the Brain Voyager 2000 (Brain Innovation, Maastricht, The Netherlands) software package ern electronic entertainment technologies, of which one of the most important is three-dimensional (3D) tv technology. For example, when watching television programs, the deoxy-and oxyhemoglobin concentrations are significantly increased, which is associated with increased blood supply to the brain. Increasing the blood supply to the brain also at the same time indicates an increased energy demand. In addition, the metabolic rate drops significantly due to fatigue. 7 Researchers examined 40 participants randomly selected who were to restraint status modulated attentional bias to food cues and the different neural activations associated with these responses were study using fMRI fMRI study was conducted in restraint eaters and unrestraint eaters exposed to high/lowenergy food and neutral images while performing a two-choice oddball task restrained eaters responded more quickly to high-energy food images than to neutral and low-energy food images; restrained eaters showed faster reaction times, hyperactivation in a much wider array of reward (e.g., insula/ orbitofrontal cortex), attention (superior frontal gyrus) and visual processing (e.g., superior temporal gyrus) regions, and hypo-activation in cognitive control areas (e.g., anterior cingulate) in response to high-energy food cues; potential neural bases of restrained eaters may help clarify why dieting to lose or maintain weight is so often unsuccessful Lange G. et al.
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BOLD fMRI study of verbal working memory; study of cognitive complaints in Chronic Fatigue Syndrome (CFS)
BOLD signal changes between Controls and individuals with CFS who had documented difficulties in complex auditory information processing (Study 1) and those who did not (Study 2) in response to performance on a simple auditory monitoring and a complex auditory information processing task were compared in fMRI study individuals with CFS are able to process challenging auditory information as accurately as Controls but utilize more extensive regions of the network associated with the verbal working memory system; individuals with CFS have to exert greater effort to process auditory information
the neuroanatomical correlates of eating behavior and its influences on the central nervous processing in humans were studied fMRI technique was used to measure the cortical activation in lean healthy humans during visual stimulation with foodrelated and nonfood pictures after a fasting period of at least 5 h the food stimuli elicited a significantly greater activity in the left orbitofrontal cortex and the insular/opercula cortex bilaterally with a stronger focus on the left side; ratings of appetite during the presentation of food-related stimuli modulated the activity in the insula bilaterally, the left operculum and the right putamen van Duinen H. et al. 200717
investigation effects of motor fatigue on brain activation in humans using fMRI brain activation that correlated with muscle activity during brief contractions at different force levels and sustained contractions inducing motor fatigue were studied using fMRI; studied changes in brain activation due to motor fatigue over time; investigated cross-over effects of fatigue by comparing brain activation before and after the fatiguing condition during simple and high-order motor tasks using fMRI several motor areas in the brain showed increased activity with increased muscle activity, both during force modulation and motor fatigue; after fatigue increased activation in orbitofrontal areas was found; the activity in the supplementary motor area and frontal areas is affected by motor fatigue simultaneous EEG-fMRI in order to investigate the effects of donepezil and memantine before and after sleep deprivation (SD); the SD approach has been previously proposed as a model for cognitive impairment in healthy subjects a network linked to sleep is interacting with sleep deprivation but not with medication intake; donepezil induced whole brain connectivity alterations forming a network separated from the changes induced by sleep and SD; a result shows possibilities to check for the validity of pharmacological restingstate analysis of the tested medications without the need of taking into account the subject specific vigilance watch 3D or 2D television chessboards. The stimulus of the study was 2 hours in duration. Analysis of the results confirmed that subjects watching 3D TV had visual fatigue. This was also confirmed by an analysis of fMRI images showing that long-term 3D TV viewing leads to larger changes in activated brain regions than those in a 2D TV viewing group. In a paper from 2016, the existence of a mechanism was postulated that compensates for fatigue in the brain and which attempts cognition. 10 Understanding the compensation mechanism can be helpful in understanding the phenomenon of fatigue itself and to therapeutic actions. In their research, they indicated the frontal lobe as the region responsible for the compensation mechanism. At the moment, research is being carried out in several centers concerning the mechanisms of fatigue. Understanding the mechanism of fatigue in the brain by fMRI and the postulated compensating mechanism will be very important for improvements in the quality of life for patients suffering from chronic fatigue syndrome.
Conclusion
Functional MRI has many clinical applications and is used to validate neuroimaging, and to search for brain markers in psychiatry, which makes it a technique at the borderline of clinical and experimental-methodological sciences. Blood Oxygenation-Level Dependent contrast is one of the best-known techniques of fMRI that can be used to map blood oxygenation in the brain. The use of this technique allows for identification of brain tumors and patients with epilepsy. This technique demonstrates early promise and can also play a role in providing future diagnostic and prognostic information in patients with neurological and psychiatric diseases and opens up a wide range of possibilities for chronic fatigue syndrome testing.
